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of hexane and discard it. Add the sample ex-
tract, dissolved in 5 ml of hexane to the col-
umn with two additional 5-ml rinses. Elute
the column with an additional 90 ml of
hexane and retain the entire eluate. Con-
centrate this solution to a volume of about 1
ml using the nitrogen evaporative concen-
trator (section 2.3.7).

5.2.2 Basic Alumina Column. Shorten a 25-
ml disposable Pasteur pipette to about 16 ml.
Pack the lower section with glass wool and
12 g of basic alumina. Transfer the con-
centrated extract from the silica gel column
to the top of the basic alumina column and
elute the column sequentially with 120 ml of
0.5 percent methylene chloride in hexane fol-
lowed by 120 ml of 35 percent methylene
chloride in hexane. Discard the first 120 ml of
eluate. Collect the second 120 ml of eluate
and concentrate it to about 0.5 ml using the
nitrogen evaporative concentrator.

5.2.3 AX–21 Carbon/Celite 545 Column. Re-
move the botton 0.5 in. from the tip of a 9-ml
disposable Pasteur pipette. Insert a glass
fiber filter disk in the top of the pipette 2.5
cm from the constriction. Add sufficient car-
bon/celite mixture to form a 2 cm column.
Top with a glass wool plug. In some cases
AX–21 carbon fines may wash through the
glass wool plug and enter the sample. This
may be prevented by adding a celite plug to
the exit end of the column. Rinse the column
in sequence with 2 ml of 50 percent benzene
in ethyl acetate, 1 ml of 50 percent meth-
ylene chloride in cyclohexane, and 2 ml of
hexane. Discard these rinses. Transfer the
concentrate in 1 ml of hexane from the basic
alumina column to the carbon/celite column
along with 1 ml of hexane rinse. Elute the
column sequentially with 2 ml of 50 percent
methylene chloride in hexane and 2 ml of 50
percent benzene in ethyl acetate and discard
these eluates. Invert the column and elute in
the reverse direction with 13 ml of toluene.
Collect this eluate. Concentrate the eluate
in a rotary evaporator at 50 °C to about 1 ml.
Transfer the concentrate to a Reacti-vial
using a toluene rinse and concentrate to a
volume of 200 µl using a stream of N2. Store
extracts at room temperature, shielded from
light, until the analysis is performed.

5.3 Analysis. Analyze the sample with a
gas chromatograph coupled to a mass spec-
trometer (GC/MS) using the instrumental pa-
rameters in sections 5.3.1 and 5.3.2. Imme-
diately prior to analysis, add a 20 µl aliquot
of the Recovery Standard solution from
Table 1 to each sample. A 2 µl aliquot of the
extract is injected into the GC. Sample ex-
tracts are first analyzed using the DB–5 cap-
illary column to determine the concentra-
tion of each isomer of PCDD’s and PCDF’s
(tetra-through octa-). If tetra-chlorinated
dibenzofurans are detected in this analysis,
then analyze another aliquot of the sample
in a separate run, using the DB–225 column
to measure the 2,3,7,8 tetra-chloro

dibenzofuran isomer. Other column systems
may be used, provided that the user is able
to demonstrate using calibration and per-
formance checks that the column system is
able to meet the specifications of section
6.1.2.2.

5.3.1 Gas Chromatograph Operating Con-
ditions.

5.3.1.1 Injector. Configured for capillary
column, splitless, 250 °C.

5.3.1.2 Carrier Gas. Helium, 1–2 ml/min.
5.3.1.3 Oven. Initially at 150 °C. Raise by

at least 40 °C/min to 190 °C and then at 3 °C/
min up to 300 °C.

5.3.2 High Resolution Mass Spectrometer.
5.3.2.1 Resolution. 10000 m/e.
5.3.2.2 Ionization Mode. Electron impact.
5.3.2.3 Source Temperature 250 °C.
5.3.2.4 Monitoring Mode. Selected ion

monitoring. A list of the various ions to be
monitored is summarized in Table 3.

5.3.2.5 Identification Criteria. The fol-
lowing identification criteria shall be used
for the characterization of polychlorinated
dibenzodioxins and dibenzofurans.

1. The integrated ion-abundance ratio (M/
M+2 or M+2/M+4) shall be within 15 percent
of the theoretical value. The acceptable ion-
abundance ratio ranges for the identification
of chlorine-containing compounds are given
in Table 4.

2. The retention time for the analytes
must be within 3 seconds of the cor-
responding 13 C-labeled internal standard,
surrogate or alternate standard.

3. The monitored ions, shown in Table 3 for
a given analyte, shall reach their maximum
within 2 seconds of each other.

4. The identification of specific isomers
that do not have corresponding 13 C-labeled
standards is done by comparison of the rel-
ative retention time (RRT) of the analyte to
the nearest internal standard retention time
with reference (i.e., within 0.005 RRT units)
to the comparable RRT’s found in the con-
tinuing calibration.

5. The signal to noise ratio for all mon-
itored ions must be greater than 2.5.

6. The confirmation of 2, 3, 7, 8–TCDD and
2, 3, 7, 8–TCDF shall satisfy all of the above
identification criteria.

7. For the identification of PCDF’s, no sig-
nal may be found in the corresponding
PCDPE channels.

5.3.2.6 Quantification. The peak areas for
the two ions monitored for each analyte are
summed to yield the total response for each
analyte. Each internal standard is used to
quantify the indigenous PCDD’s or PCDF’s
in its homologous series. For example, the
13 C 12–2,3,7,8-tetra chlorinated dibenzodioxin
is used to calculate the concentrations of all
other tetra chlorinated isomers. Recoveries
of the tetra- and penta- internal standards
are calculated using the 13 C 12–1,2,3,4–TCDD.
Recoveries of the hexa- through octa- inter-
nal standards are calculated using 13 C 12–
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1,2,3,7,8,9–HxCDD. Recoveries of the surro-
gate standards are calculated using the cor-
responding homolog from the internal stand-
ard.

6. Calibration

Same as Method 5 with the following addi-
tions.

6.1 GC/MS System.
6.1.1 Initial Calibration. Calibrate the GC/

MS system using the set of five standards
shown in Table 2. The relative standard devi-
ation for the mean response factor from each
of the unlabeled analytes (Table 2) and of the
internal, surrogate, and alternate standards
shall be less than or equal to the values in
Table 5. The signal to noise ratio for the GC
signal present in every selected ion current
profile shall be greater than or equal to 2.5.
The ion abundance ratios shall be within the
control limits in Table 4.

6.1.2 Daily Performance Check.
6.1.2.1 Calibration Check. Inject on µl of

solution Number 3 from Table 2. Calculate
the relative response factor (RRF) for each
compound and compare each RRF to the cor-
responding mean RRF obtained during the
initial calibration. The analyzer perform-
ance is acceptable if the measured RRF’s for
the labeled and unlabeled compounds for the
daily run are within the limits of the mean
values shown in Table 5. In addition, the ion-
abundance ratios shall be within the allow-
able control limits shown in Table 4.

6.1.2.2 Column Separation Check. Inject a
solution of a mixture of PCDD’s and PCDF’s
that documents resolution between 2,3,7,8–
TCDD and other TCDD isomers. Resolution
is defined as a valley between peaks that is
less than 25 percent of the lower of the two
peaks. Identify and record the retention time
windows for each homologous series.

Perform a similar resolution check on the
confirmation column to document the reso-
lution between 2,3,7,8 TCDF and other TCDF
isomers.

6.2 Lock Channels. Set mass spectrometer
lock channels as specified in Table 3. Mon-
itor the quality control check channels spec-
ified in Table 3 to verify instrument stability
during the analysis.

7. Quality Control

7.1 Sampling Train Collection Efficiency
Check. Add 100 µl of the surrogate standards
in Table 1 to the absorbent cartridge of each
train before collecting the field samples.

7.2 Internal Standard Percent Recoveries.
A group of nine carbon labeled PCDD’s and
PCDF’s representing, the tetra-through
octachlorinated homologues, is added to
every sample prior to extraction. The role of
the internal standards is to quantify the na-
tive PCDD’s and PCDF’s present in the sam-
ple as well as to determine the overall meth-
od efficiency. Recoveries of the internal

standards must be between 40 to 130 percent
for the tetra-through hexachlorinated com-
pounds while the range is 25 to 130 percent
for the higher hepta- and octachlorinated
homologues.

7.3 Surrogate Recoveries. The five surro-
gate compounds in Table 2 are added to the
resin in the adsorbent sampling cartridge be-
fore the sample is collected. The surrogate
recoveries are measured relative to the in-
ternal standards and are a measure of collec-
tion efficiency. They are not used to measure
native PCDD’s and PCDF’s. All recoveries
shall be between 70 and 130 percent. Poor re-
coveries for all the surrogates may be an in-
dication of breakthrough in the sampling
train. If the recovery of all standards is
below 70 percent, the sampling runs must be
repeated. As an alternative, the sampling
runs do not have to be repeated if the final
results are divided by the fraction of surro-
gate recovery. Poor recoveries of isolated
surrogate compounds should not be grounds
for rejecting an entire set of the samples.

7.4 Toluene QA Rinse. Report the results
of the toluene QA rinse separately from the
total sample catch. Do not add it to the total
sample.

8. Quality Assurance

8.1 Applicability. When the method is
used to analyze samples to demonstrate com-
pliance with a source emission regulation, an
audit sample must be analyzed, subject to
availability.

8.2 Audit Procedure. Analyze an audit
sample with each set of compliance samples.
The audit sample contains tetra through
octa isomers of PCDD and PCDF. Concur-
rently, analyze the audit sample and a set of
compliance samples in the same manner to
evaluate the technique of the analyst and
the standards preparation. The same ana-
lyst, analytical reagents, and analytical sys-
tem shall be used both for the compliance
samples and the EPA audit sample.

8.3 Audit Sample Availability. Audit sam-
ples will be supplied only to enforcement
agencies for compliance tests. The avail-
ability of audit samples may be obtained by
writing: Source Test Audit Coordinator (MD–
77B), Quality Assurance Division, Atmos-
pheric Research and Exposure Assessment
Laboratory, U.S. Environmental Protection
Agency, Research Triangle Park, NC 27711,
or by calling the Source Test Audit Coordi-
nator (STAC) at (919) 541–7834. The request
for the audit sample must be made at least
30 days prior to the scheduled compliance
sample analysis.

8.4 Audit Results. Calculate the audit
sample concentration according to the cal-
culation procedure described in the audit in-
structions included with the audit sample.
Fill in the audit sample concentration and
the analyst’s name on the audit response
form included with the audit instructions.
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